Introduction {#S0001}
============

The circulation of substandard medicines remains a serious problem in resource limited countries like Sub-Saharan Africa, where most of the drugs available are imported. Medicines sold in these markets are frequently found to have ingredients at concentrations that are too high or too low. Porous borders between the countries in the region facilitate the illicit importation of drugs and drugs piracy.[@CIT0001]

According to a study by Atata et al[@CIT0002] in Nigeria, out of 160 samples of intravenous fluids analyzed, 14 (8.75%) were microbiologically contaminated with 2 bacterial and 3 fungal isolates. As much as 58 (36.25%) were pyrogenic. These findings necessitated the importance of monitoring pharmaceutical quality of intravenous infusions. Free trade and globalization policies have led to an anarchical invasion of poor quality medicines into the markets of developing countries. Nigeria has the biggest medicines market in the ECOWAS region, where there are very high activities in cross-border and parallel trade in pharmaceuticals.[@CIT0001]

Intravenous administration of fluids (drug and nutrition) is very common in hospitals.[@CIT0003] Patients on hospital admission are normally administered intravenous (IV) fluids and electrolytes due to at least one of the 4Rs needs: Resuscitation, Routine maintenance, Replacement or Redistribution.[@CIT0004] Studies had shown that as much as 80% of patients on hospital admission do receive one form of intravenous therapy or the other.[@CIT0003],[@CIT0005] These important life-saving fluids have been reported as sources of life-threatening infections and in some cases have been incriminated as one of the strongest factors for morbidity and mortality associated with nosocomial infections in hospitals all over the world.[@CIT0003],[@CIT0006],[@CIT0007] Globally, contaminated fluids were found to be the largest and most lethal known cause of outbreak of nosocomial infections.[@CIT0002],[@CIT0008]-[@CIT0011] Between October, 1970 and March, 1971, eight United States hospitals in seven states experienced 150 bacteremia caused by *Enterobacter cloacae*; there were nine deaths and all were associated with intravenous fluid therapy.[@CIT0009] Nigeria is not an exception. Some deaths and disease conditions have been attributed to the use of these microbiologically unfit fluids.[@CIT0002],[@CIT0006] Nigerian National Agency for Food, Drug Administration and Control (NAFDAC) has fought assiduously against the menace of unwholesome pharmaceutical products including infusions.[@CIT0002],[@CIT0012]-[@CIT0014]

The aim of this research, therefore, was to establish the quality fitness of some metronidazole and ciprofloxacin infusions marketed in South-east of Nigeria. Manufacture and distribution of quality pharmaceutical products are vital components of good health-care practice and will promote quality health-care delivery.

Materials and Methods {#S0002}
=====================

Media {#S0002-S2001}
-----

Soybean Casein digest broth (SCDB) by Oxoid, USA; Fluid thioglycolate medium (FTM) manufactured by TM Media, India; Peptone water manufactured by TM Media, India; Mueller Hinton Agar by Oxoid, USA; Nutrient Agar by Oxoid, USA. All the media were prepared according to the manufacturers' instructions and sterilized as per the manufacturers' guidelines.

Equipment {#S0002-S2002}
---------

Water-bath sonicator manufactured by PCI Analytics, India; Ultra Violet (UV) Spectrophotometer manufactured by Pharmacia Biotech, Sweden; Liquid particle counter by HACH ALTRA, USA; suction pump by Thomas Industries, USA; Vacuum flask by Thomas Industries, USA and Laminar Air Flow Cabinet by Krishna Scientific suppliers, India.

Sample {#S0002-S2003}
------

Ciprofloxacin 200mg/100mL and metronidazole 500mg/100mL samples were collected from the five South-eastern states of Nigeria namely Abia, Anambra, Ebonyi, Enugu and Imo. They were purchased from the open drug markets in the area and pharmacy outlets. The brand names, manufacturers, marketers, license numbers, lot numbers, NAFDAC registration numbers, manufacturing date and expiry dates were recorded. The samples were eight brands each of ciprofloxacin and metronidazole infusions. The number of samples taken for each test was 1 (a 100 mL product) from each brand according to British Pharmacopeia 2017. However, for the pyrogen test, 10 bottles were sampled from 5 brands each of the drug products.

Microbial Test Isolates {#S0002-S2004}
-----------------------

The microorganisms used in this study were five bacterial isolates namely: *Salmonella typhi, Pseudomonas aeruginosa, Escherichia coli, Peptostrepocuccus* spp and *Lactobacillus* spp. Except for the *Pseudomonas aeruginosa* and *Escherichia coli* (which were typed cultures), other microorganisms were clinical isolates previously purified, standardized to McFarland and preserved in the Laboratory of the Department of Pharmaceutical Microbiology & Biotechnology, Nnamdi Azikiwe University, Awka, Nigeria.

Microbiological Analysis {#S0002-S2005}
------------------------

### Sterility Test {#S0002-S2005-S3001}

Membrane filtration method[@CIT0015] was used for the analysis. One hundred-milliliter bottles of each of the samples were collected, transferred to the quality control unit of the laboratory and cleaned with 70% ethanol solution. Twenty milliliters (20 mL) each of Soybean casein digest broth (SCDB) and Fluid thioglycolate medium (FTM) were respectively dispensed in test tubes, plugged with cotton wool and sterilized. Nanometer reading of the working Laminar Flow Cabinet (Krishna Scientific suppliers, India) was set at 08--15 mm while the temperature was set at 27 $\documentclass[12pt]{minimal}
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\end{document}$ 2 ºC. The vacuum pump connected to the manifold holder was switched on. A sterile 0.22 µm (pore size) membrane filter was placed in its proper place in the manifold using sterile forceps. The membrane was made wet with 15 mL of 1% sterile peptone water. Each drug container/bottle was aseptically opened using a sterile scissors and the whole content (100mL) was aseptically transferred to the membrane filter for vacuum filtration. One membrane filter was used for one drug bottle. The filtration system was rinsed three times with 1% peptone water after each session to neutralize and wash the membrane. The vacuum was stopped and the membrane was carefully lifted with sterile forceps and cut into two. One half was placed in FTGM and the other half in SCDB, unplugging in front of a gas burner flame. They were appropriately labelled and incubated. The FTM was incubated at 35 °C while the SCDB was incubated at room temperature for fourteen days. The set-up was inspected daily for visible turbidity. The number of samples tested in each brand was 1 as each vial contains 100 mL. This is according to British Pharmacopeia.[@CIT0015]

### Rabbit Pyrogen Test {#S0002-S2005-S3002}

Pyrogen test was evaluated using the Rabbit method. The test, based on the intravenous injection of sterile solutions, has been employed for many years and it is still valid for the quality control of parenteral preparations.[@CIT0016] The test was carried out by following procedures in British Pharmacopoeia.[@CIT0015] Three rabbits, each weighing 1.5 kg, were used for each product. Prior to the test, the animals were acclimatised for two days in pathogen-free environment where the test was carried out. The animals were handled following established guidelines[@CIT0017]--[@CIT0019] for care and use of animals for scientific research. The study was approved by the Proposal/Ethics Committee for animal studies in the Faculty of Pharmaceutical Sciences of Nnamdi Azikiwe University, Awka. Approval Number: FPhS/AEC/Vol.1.003

Before the injection of the product, initial temperature of each rabbit was determined and recorded. The ciprofloxacin samples were appropriately diluted with pyrogen-free isotonic sodium chloride solution. The products were then slowly injected into the marginal vein of the ear of each rabbit. The temperature of each injected rabbit was taken at 30 min intervals for a period of 3 h. The maximum temperature of each rabbit is the highest temperature recorded for the rabbit in 3 h after injection. The difference between the initial temperature and the maximum temperature of each rabbit is taken as its response. Where this difference was negative, the result was considered as zero response.

Quantitative Assay {#S0002-S2006}
------------------

### Metronidazole and Ciprofloxacin Intravenous Infusion Analytical Procedure {#S0002-S2006-S3001}

#### Preparation of the Standard Solution {#S0002-S2006-S3001-S4001}

UV Spectrophotometer Method in British Pharmacopoeia[@CIT0015] was used. Briefly, Step 1: A 500 mg of metronidazole powder was weighed into a 50 mL volumetric flask, 20 mL of 0.1M HCl was added and sonicated for five minutes. The volume was made up with 0.1 M HCl and re-sonicated for five minutes. Step 2: A 10 mL volume of the resulting solution was transferred into a 100 mL volumetric flask, 60 mL of 0.1 M HCl was added and sonicated for five minutes and volume made up and sonicated again for five minutes. Step 3: From the resulting solution, 10 mL was taken into another 100 mL volumetric flask, 60 mL of 0.1 M HCl was added and sonicated for five minutes, the volume was made up and the content sonicated again for five minutes. Step 4: From the resulting solution, 10 mL was taken into another 100 mL volumetric flask and sonicated for five minutes; the volume was made up with 0.1M HCl and sonicated for five minutes to give the studied solution which has a concentration of 0.01 mg/mL. The final concentration was 0.01 mg/mL.

500 mg →50 mL→10 mL→100 mL 10 mL→100 mL 10 mL 100 mL

The Metronidazole powder (reference standard) was manufactured by Sigma Aldrich, a subsidiary of Merck USA.

Sample Preparation {#S0002-S2007}
------------------

Step 1: A 10 mL volume of each brand of the metronidazole sample was transferred into 100 mL volumetric flask, 50 mL of 0.1 M HCl was added and sonicated for five minutes; the volume was made up with 0.1 M HCl and the content re-sonicated for five minutes. Step 2: 10 mL of resulting solution was transferred into 100 mL volumetric flask; 60 mL of 0.1 M HCl was added and sonicated for five minutes. The volume was made up with 0.1 M HCl and sonicated for five minutes. Step 3: Next, 20 mL was taken from the resulting solution into 100 mL volumetric flask, 60 mL of 0.1 M HCl was added and sonicated for five minutes, the volume was made up and sonicated for five minutes to give the studied solution.

10 mL→ 100 mL→10 mL 100 mL→20 mL 100 mL

Blank: 0.1 M HCl {#S0002-S2008}
----------------

The absorbance was measured at 277 nm as per SOP on UV-Vis spectrophotometer operation and calibration.

Ciprofloxacin I.V. Infusion Analytical Procedure {#S0002-S2009}
------------------------------------------------

### Standard Solution Preparation {#S0002-S2009-S3001}

Step 1: A 200 mg quantity of ciprofloxacin was accurately weighed into 100 mL volumetric flask, 50 mL of 0.1M HCl was added and sonicated for five minutes, the volume was made up with 0.1 M HCl and sonicated for five minutes. Step 2: A 2 mL quantity was taken from the resulting solution into 50 mL volumetric flask; 30 mL 0.1M HCl was added and sonicated for five minutes, the volume was made up with 0.1 M HCl and sonicated for five minutes. Step 3: Another 2 mL was taken from the resultant solution into 50 mL volumetric flask, 30 mL of 0.1M HCl was added and sonicated for five minutes, the volume was made up with 0.1M HCl. The final concentration was 0.0032 mg/mL.

200 mg→100 mL2 mL50 mL→2 mL→50 mL

The ciprofloxacin reference standard was manufactured by Sigma Aldrich, a subsidiary of Merck USA.

Sample Preparation {#S0002-S2010}
------------------

Ten milliliters of metronidazole sample was transferred into 100 mL volumetric flask. Fifty milliliters of 0.1 M HCl was added and sonicated for 5 min. The volume was made up to 100mL with 0.1 M HCl and re-sonicated for five minutes. Ten milliliters of resulting solution was transferred into another 100 mL volumetric flask and 60 mL of 0.1 M HCl added and sonicated for five minutes. The volume was made up to 100mL with another 0.1 M HCl followed by re-sonication for five minutes. Then, 20 mL was taken from the resulting solution into another 100 mL volumetric flask and 60 mL of 0.1 M HCl added and sonicated for five minutes. The volume was also made up to 100mL and sonicated finally for five minutes. Tests were carried in triplicates.

For the ciprofloxacin, 2 mL of each sample was taken into 50 mL volumetric flask and 25 mL of 0.1 M HCl was added and sonicated for five minutes. The volume was made up to 50mL with 0.1 M HCl and re-sonicated for five minutes. From the resultant solution, 2 mL was taken into another 50 mL volumetric flask and 30 mL of 0.1 M HCl added and sonicated for five minutes. The volume was made up to 50mL with 0.1 M HCl and re-sonicated for five minutes. Tests were carried in triplicates.

Blank was 0.1 M HCl. The absorbance of both the standard and sample was measured at 277--278 nm as per standard operating procedure on UV-Vis spectrophotometer operation and calibration.

The calculations on how the standard preparations were used to obtain the concentration of the drugs in the samples tested are contained in the [[supplementary materials 1](https://www.dovepress.com/get_supplementary_file.php?f=246050.docx)]{.ul} and [[2](https://www.dovepress.com/get_supplementary_file.php?f=246050.docx)]{.ul}.
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where A = Average absorbance of sample, B = Average absorbance of standard, W = Weight of standard, P = Potency of standard = 101.0 for Metronidazole = 99.6% Ciprofloxacin

Particle Count Using Liquid Particle Counter System {#S0002-S2011}
---------------------------------------------------

The test for particulate contamination of the samples was done according to the International Pharmacopoeia.[@CIT0020] For parenteral infusion containing 100 mL or less, the preparations complies with the test if the average number of particles present in the unit tested does not exceed 6000 per container (cumulative particle size ≤10 µm) and does not exceed 600 per container (cumulative particle size ≤25 µm). Here, size criterion was used to judge if a product as passed or failed. Briefly, the contents of the samples were carefully mixed by slowly inverting the container 20 times successively. Gas bubbles were eliminated by allowing mixture to stand for 2 minutes. A magnetic stirrer was dropped in 100 mL beaker. The sample was poured into and placed under the needle pointer of the counter and the machine is started. The principle is that the needle sucks the liquid and passes it through the laser light inside; any particle that obstructs the light is counted and displayed on the screen. After each count, the system was flushed with 70% isopropyl alcohol to prevent crystals from blocking the discharge pipe. Tests were carried in triplicates.

Hydrogen Index (pH) Analysis {#S0002-S2012}
----------------------------

A Hydrogen Index analysis was undertaken according to The United States Pharmacopeial Convention[@CIT0021] using a pH meter (model = PHS-3C and accuracy = 0.05). The sample was poured in a nestler tube. A pH electrode connected to the pH meter was rinsed with distilled water, cleaned with tissue and inserted into the sample. The pH meter was turned on and the reading was taken on the viewing screen. The acceptable pH range for metronidazole IV is 4.8--5.2, while that of ciprofloxacin IV is 3.5--4.6. However, for concentrated infusions, the pH range is between 3.3 and 3.9.[@CIT0021]

Antibacterial Evaluation of the Test Samples {#S0002-S2013}
--------------------------------------------

The antimicrobial assay for ciprofloxacin samples was carried out using the agar well-diffusion assay as described by Waltrich et al,[@CIT0022] against *Salmonella typhi, Pseudomonas aeruginosa* (ATCC 27853), and *Escherichia coli* (ATCC 25922) while agar dilution method as described by Okore[@CIT0023] was used to test for the antibacterial potency of the metronidazole samples against *Peptostrepocuccus* spp and *Lactobacillus* spp.

Agar Well Diffusion Assay {#S0002-S2014}
-------------------------

The media, Mueller-Hinton agar, MHA (Oxoid, USA) were prepared and treated according to the manufacturer's specification. After sterilizing, the media was allowed to cool to 50 °C and later transferred into 90 mm sterile agar plates and left to set. The sterile MHA plates were inoculated with the test culture from each of the test suspensions, thereafter, 20 mL of the sterile molten agar cooled to 50 °C was added to the plate and was rocked clockwise and anti-clockwise to ensure even distribution of the test organism and uniformity of the inoculums. A sterile cork borer was used to make wells (6 mm in diameter) on the MHA plates. Aliquots of 60 mL of the stock concentration (5µg/mL) were applied in each of the wells in the culture plates previously seeded with the test organisms. The cultures were incubated at 37 °C for 18--24 hrs. The antimicrobial potential was determined by measuring the zone of inhibition around each well (excluding the diameter of the well).

Agar Well Dilution Assay {#S0002-S2015}
------------------------

Stock solutions of 2 mg/mL equivalent of the various metronidazole products were prepared. Then, two-fold serial dilutions were made to get 1000, 500, 250, 125, 62.5, 31.3 and 15.6µg/mL. Thereafter 10-fold dilutions of each of the concentration was made using 9 mL sterile molten Mueller-Hinton agar, MHA (Oxoid, USA) to get final concentrations of 200, 100, 50, 25, 12.5, 6.3, 3.1, 1.6 µg/mL then, this were allowed to solidify. The microbial inocula (*Peptostrepocuccus* spp and *Lactobacillus* spp) which have been standardized to 0.5 McFarland turbidity was streaked on the agar appropriately. The plates were incubated in an anaerobic jar for 24 hrs. After incubation the plates were examined for microbial growth by checking for growths using a plus sign (+) indicating growth while a negative sign (-) indicated no growth as shown in [Table 1](#T0001){ref-type="table"}. Minimum inhibitory concentrations (MIC) were obtained from the results. The MIC is interpreted as the lowest concentration of the test samples that inhibited visible growth. Each experiment was performed in triplicate.Table 1Microbiological Quality of the Metronidazole and Ciprofloxacin SamplesSterility TestPyrogen TestBrandsSampling Time Post-Inoculation (Days)Product CodeNumber TestedNumber Pyrogenic (%) Response \> 2.65Number Apyrogenic (%)Fluid Thioglycolate MediumSoybean Casein Digest Broth36143614M1\-\-\-\-\--M110010 (100%)M2\-\-\-\-\--M210010 (100%)M3**+++**\-\--M410010 (100%)M4\-\-\-\-\--M510010 (100%)M5\-\-\-\-\--M7104 (40%)6 (60%)M6**+++**\-\--C110010 (100%)M7\-\-\-\-\--C210010 (100%)M8\-\-\-\-\--C310010 (100%)C1\-\-\-\-\--C4103 (30%)7 (70%)C2\-\-\-\-\--C5103 (30%)7 (70%)C3\-\-\-\-\--C4\-\-\-\-\--C5\-\-\-\-\--C6+++\-\--C7\-\-\-\-\--C8\-\-\-\-\--[^1]

Results {#S0003}
=======

Microbiological Analysis {#S0003-S2001}
------------------------

We analysed eight brands of ciprofloxacin and eight brands of metronidazole infusions with each brand containing 10 sample bottles. Out of the sixteen brands tested, 2 metronidazole brands and 1 ciprofloxacin brand (representing 18.75% of the total 16 brands/makes) were contaminated microbiologically while the remaining 13 brands (81.25%) were found to be sterile ([Table 1](#T0001){ref-type="table"}).

Pyrogen Test {#S0003-S2002}
------------

The result suggested probable contamination of the test samples. Two ciprofloxacin brands (three bottles per brand) and one metronidazole brand (4 bottles) were pyrogenic ([Table 1](#T0001){ref-type="table"}).

Quantification Assay of the Ciprofloxacin and Metronidazole Sample {#S0003-S2003}
------------------------------------------------------------------

[Table 2](#T0002){ref-type="table"} indicates the amount of ciprofloxacin and metronidazole molecules in each of the samples. All the brands of ciprofloxacin infusion (IV) tested were within the acceptable quality \[acceptable range is 95--105% for ciprofloxacin infusion (IV)\] for the active pharmaceutical ingredient. However, one brand of metronidazole infusion (IV) representing 12.5% failed while the remaining 7 (87.5%) passed the test. The acceptable range is 95--110% for metronidazole infusion (IV)Table 2Quantitation of Ciprofloxacin and Metronidazole Molecules in the SamplesPRODUCT CODEAbsorbance Reading (λ= 278nm)Assay Calculation (E or C)% Assay/% Label ClaimInference123123MeanSDC10.4130.4130.4180.2040.2040.2060.2050.001102.50PassC20.4070.4060.4070.2010.2010.2010.2010.000100.50PassC30.4170.4180.4200.2070.2070.2080.2070.000103.50PassC40.3990.3990.4000.1970.1970.1970.1970.00098.50PassC50.4070.4080.4060.2010.2010.2010.2010.000100.50PassC60.3990.3990.3980.1970.1970.1970.1970.00098.50PassC70.4190.4180.4150.2070.2060.2050.2060.001103.00PassC80.3920.3920.3930.1940.1940.1940.1940.00097.00PassM10.3800.3800.3810.5200.5200.5210.5200.000104.00PassM20.3750.3730.3720.5140.5110.5100.5110.002102.20PassM30.3800.3800.3790.5200.5200.5190.5200.000104.00PassM40.3790.3800.3820.5190.5200.5230.5200.002104.00PassM50.3400.3380.3400.4650.4630.4650.4640.00292.80FailM60.3590.3570.3600.4920.4890.4930.4920.00298.40PassM70.3650.3660.3650.5000.5010.5000.5000.000100.00PassM80.3660.3670.3670.5010.5020.5020.5020.000100.20Pass[^2]

Hydrogen Index (pH) Analysis of Samples {#S0003-S2004}
---------------------------------------

[Table 3](#T0003){ref-type="table"} shows the results of the ciprofloxacin and metronidazole infusion brands tested. The acceptable range for metronidazole and ciprofloxacin infusions is 4.8--5.2 and 3.5--4.6, respectively. The 8 brands of each drug were tested. Only two brands (25%) each of ciprofloxacin and metronidazole infusions passed while six brands (75%) in each category failed, showing acidity much higher than the acceptable range.Table 3pH Analysis for Ciprofloxacin IV and Metronidazole IVCiprofloxacin IVMetronidazole IVProduct CodepHInferenceProduct CodepHInferenceC13.14FailM14.58FailC23.18FailM24.29FailC33.00FailM34.34FailC43.50PassM44.54FailC53.16FailM54.74FailC62.78FailM64.35FailC73.20FailM75.12PassC83.62PassM84.90Pass[^3]

Sample Particulate Test Result {#S0003-S2005}
------------------------------

The eight brands of each drug/product were tested and all passed ([Table 4](#T0004){ref-type="table"}) as the average cumulative particle size contaminants were well \<10 µm. This means that all the brands were free of particulate contamination.Table 4Test for Particulate Contamination, Ciprofloxacin IV and Metronidazole IVBrand CodeCumulative Count (µm)\
1Cumulative Count (µm)\
2Cumulative Count (µm)\
3Cumulative Counts (µm) AverageSDParticulate Limit (Size)InferenceM-10.100.400.150.220.161Not more than 10 µmPassM-20.450.350.050.280.208PassM-31.800.950.050.930.875PassM-40.050.000.100.050.050PassM-50.150.400.150.230.144PassM-61.150.200.600.650.477PassM-70.150.250.350.250.100PassM-80.050.000.150.070.076PassC-11.050.550.150.580.451PassC-20.100.300.050.150.132PassC-30.000.400.200.200.200PassC-40.000.550.100.220.293PassC-50.100.000.450.180.236PassC-60.250.450.150.280.152PassC-70.000.400.650.350.328PassC-80.750.300.350.470.247Pass[^4]

Antibacterial Evaluation of the Samples {#S0003-S2006}
---------------------------------------

Susceptibility profiles of *S. typhi, P. aeruginosa* and *E. coli* against ciprofloxacin brands is indicated in [Table 5](#T0005){ref-type="table"}. It was observed in the study that the IZDs of *S. typhi* were within the resistant and intermediate range.[@CIT0024] *P. aeruginosa* and *E. coli* isolates were susceptible to all the ciprofloxacin brands testes except 1 brand (C8). This brand showed no significant activity against any of the test organisms.Table 5Antibacterial Activities of the Ciprofloxacin BrandsProduct Code (5µg)Inhibition Zone Diameter (IZD) in mm*Salmonella typhiPseudomonas aeruginosaEscherichia coli*C117.035.026.5C216.035.025.0C318.532.025.0C417.035.028.0C514.535.525.5C617.035.025.5C716.035.026.0C84.50.00.0[^5]

The lowest concentration of the metronidazole samples at which no growth of microorganism (*Peptostrepococcus* spp and *Lactobacillus* spp) was observed after incubation was considered at the MIC.[@CIT0025],[@CIT0026] The result ([Table 6](#T0006){ref-type="table"}) showed that each of the six brands had MIC of 100µg/mL against *Peptostrepocuccus* spp while M5 gave MIC of 200µg/mL. M7 had no inhibition activities against *Peptostrepocuccus* spp at all concentration. None of the brands gave activity against *Lactobacillus spp* at all concentration used ([Table 6](#T0006){ref-type="table"}). This could be attributed to the concentrations used which might have been insufficient to inhibit the growth of the test microorganisms, at McFarland equivalent standard.Table 6MIC of the Metronidazole Samples Against *Peptostrepocuccus* and *Lactobacillus* sppOrganismBrand CodesConcentration (µg/mL)200100502512.56.33.11.6*Peptostrepocuccus* sppM1----++++++M2----++++++M3----++++++M4----++++++M5--+++++++M6----++++++M7++++++++M8----++++++*Lactobacillus* sppM1++++++++M2++++++++M3++++++++M4++++++++M5++++++++M6++++++++M7++++++++M8++++++++[^6]

Discussion {#S0004}
==========

Sterility testing determines whether or not the products have microbial contaminations and/or pyrogens. Intravenous infusions are expected to be sterile.[@CIT0020] Membrane filtration method was used for concentration of contaminating organisms in the infusions. Presence of any living microorganisms in the product meant to be passed into the blood stream could result in nosocomial septicemia[@CIT0027],[@CIT0028] and can consequently cause blood stream infections.[@CIT0029] Contamination level as high as 18.75% in products that supposed to be sterile is alarming and calls for immediate caution and readdressing of the production system by the pharmaceutical companies concerned. Clinically important, microbiological contamination is most dangerous for patients when it affects parenteral therapy.[@CIT0030] In this case, pathogens can directly reach the systemic circulation and cause catheter-related blood stream infection (CR-BSI)[@CIT0031] or travel to various organs and induce organ failure.[@CIT0032] Nosocomial infections would be widespread and would be important contributors to morbidity and mortality. This has public health implications causing increasing economic and human health impact. Increasing number of people exposed to contaminated products, increased frequent impaired immunity (due to age, illness and treatments failures), and introduction of new microorganisms can potentially lead to increased bacterial resistance to antibiotics. A pyrogen level of 10% in intravenous fluids is high and poses a serious cause of concern. Obviously, infusion of pyrogenic product into already debilitated patients could only worsen the patients' condition and decrease their chances of survival. Pyrogens of microbial origin are metabolic products of microorganisms. The most potent pyrogens are the endotoxins produced from the cell walls of the Gram-negative bacteria (lipopolysaccharide).[@CIT0033] Endotoxin is heat stable, potent Toll-like receptor 4 (TLR4) agonist that triggers the inflammatory cascade in a dose-dependent manner.[@CIT0003],[@CIT0034] Consequently, that can lead to serious fever, chills, sepsis and irreversible shock. Low active pharmaceutical ingredient (API) observed in few of the samples is equivalent to low dosage of the drug. This could lead to ineffective treatment of patient when administered.[@CIT0035] It can also easily lead to organisms developing resistance to the drugs. The acidic pH of some of the products could upset the metabolic processes in the body if they are infused. Acidic pH of the blood stream leads to metabolic acidosis and oxidative stress all of which have negative impact to health.

Intravenous fluids are expected to be free from particulate contaminations.[@CIT0020] Generally, particulate contamination of parenteral fluids or solutions refers to the presence of unwanted, mobile and/or undissolved particles in the solution. These particles can find their way into the IV fluid during mixing (of pharmaceutical or nutritional ingredients) and/or product filling and capping (packaging). The particulate contaminants can be detectable particles that are visible on visual inspection with sizes ≥50 µm or sub-visible particles that are not detectable on visual inspection with sizes varying between 2 and 50 µm^36^. Both visible and sub-visible particulate contaminations in parenteral fluids or solutions are dangerous[@CIT0036]--[@CIT0040] as these fluids are meant to pass through the blood vessels. The present study showed that the drug products are free from both visible and sub-visible particulate contaminations and their use cannot lead to the deleterious effects of particulate contamination.

The findings from this research have reaffirmed the need to constantly keep-up with the quality profiles of these pharmaceutical products, especially the intravenous infusions, while maintaining sterility, efficacy, exact required active ingredients, and other physicochemical parameters. This is important, as irreversible grievous consequences can result from these inefficiencies.

Conclusion {#S0005}
==========

About eighty-one percent (81.25%) of the infusions have acceptable good microbiological quality. However, the 18.75% that failed the tests is a concern knowing that these are lifesaving products. Generally, the findings of this study suggest improvement and stringencies in the regulations of infusion pharmaceutical products in circulation in the region and in Nigeria generally. This study has shown that there are still some sub-standard metronidazole and ciprofloxacin infusions in circulation in South-east of Nigeria. These infusions commonly used in the health-care facilities for various interventions could actually lead to nosocomial infections because of poor microbiological quality.

Disclosure {#S0006}
==========

The authors report no conflicts of interest in this work.

[^1]: **Notes:** M1 -- M8 = brand codes for metronidazole samples for sterility test and C1 -- C8 = brand codes for ciprofloxacin samples for sterility test. "+" = positive test, '-'= negative test. C1 -- C5 are brand codes for ciprofloxacin samples used for pyrogen test while M1 -- M5 are brand codes for metronidazole samples used for pyrogen test. ("M" stands for Metronidazole infusion; "1--8" means that 8 different brands (one from one company) were sampled and 1 vial containing 100 mL of each of these brands were tested. "C" stands for ciprofloxacin infusion; "1--8" means that 8 different brands (one from one company) were sampled and 1 vial containing 100 mL of each of these brands were tested.

[^2]: **Notes:** C1 to C8 are product codes for the ciprofloxacin IV samples while M1 to M8 are product codes for the metronidazole IV samples.

[^3]: **Notes:** C1 to C8 = product codes for ciprofloxacin IV brands, M1 to M8 = product codes for metronidazole IV brands. The acceptable pH range \[ciprofloxacin = 3.5--4.6 and metronidazole = 4.8--5.2\].

[^4]: **Notes:** M-1 to M-8 = product codes for metronidazole IV brands, C-1 to C-8 = product codes for ciprofloxacin IV brands.

[^5]: **Notes:** IZD ≤ 15 = Resistant; 16--20 = Intermediate and ≥ 21 = Susceptible.[@CIT0024]

[^6]: **Notes:** (-) no growth/inhibition; (+) growth/no inhibition.
